Prolonged ambulatory pH monitoring was performed on 89 patients with previous diagnosis of asthma (27 patients), chronic cough (28 patients), noncardiac chest pain (34 patients), and on 27 healthy control subjects. The extent of gastroesophageal reflux (GER) was determined using a catheter containing two antimony pH electrodes positioned 5 cm and 20 cm above the superior border of the manometrically determined lower esophageal sphincter. Reflux was defined as a drop in pH to <4 in the distal esophagus. We 
Prolonged ambulatory pH monitoring was performed on 89 patients with previous diagnosis of asthma (27 patients) , chronic cough (28 patients), noncardiac chest pain (34 patients), and on 27 healthy control subjects. The extent of gastroesophageal reflux (GER) was determined using a catheter containing two antimony pH electrodes positioned 5 cm and 20 cm above the superior border of the manometrically determined lower esophageal sphincter. Reflux was defined as a drop in pH to <4 in the distal esophagus. We compared both pH <4 and pH <5 as the beginning of reflux episodes for the proximal esophagus. Considering the confidence interval of 95% in healthy control subjects as a normality criterion, we found a prevalence of abnormal distal GER during the total study. Median values and quartiles for percent time pH <4 distally (upright, supine, and total) and proximally (total) for all groups are contained in Table 1 . All groups showed a statistically significant (p<0.01) longer percent time of acid exposure in the distal esophagus than in the proximal esophagus. All patient groups showed a significant (p<0.01) increase in distal acid exposure as compared with normal volunteers but did not differ significantly from each other. All patient groups also showed significantly more acid exposure (p<0.05) in the proximal esophagus as compared with normal subjects. In addition, however, the patients with chest pain showed significantly more proximal acid exposure (p<0.05) than the other patient groups. The evaluation of proximal acid exposure using pH <5 to define reflux failed to show any differences not seen using pH <4. When distal reflux was evaluated in the upright position, all patient groups again showed significantly more reflux (p=0.02) than the normal volunteers but did not differ from each other. The evaluation of distal reflux in the supine position showed a trend toward significance with p=0.0513; only the patients with chest pain differed from normal.
To evaluate the prevalence of abnormal reflux in these groups of patients, values distributed at the 95% of asymptomatic controls were defined as normal. These included 5.3% for total acid exposure (pH <4), 7.5% in upright position, and 3.4% in the supine position in the distal esophagus, and 1.5% total acid exposure (pH <4) in the proximal esophagus. Considering the total percent time with pH <4 in distal esophagus as the criterion for the diagnosis of GERD disease, the prevalence was as follows: asthmatic patients, 44 percent; patients with chronic cough, 50%; and patients with noncardiac chest pain, 50%. There was no significant difference between these prevalences. The prevalence of abnormal proximal acid exposure was as follows: asthma, 24%; cough, 10 The mechanisms by which GER might precipitate asthma, cough, or substernal chest pain have not been fully clarified. Experimental studies have suggested that there might be two mechanisms by which acid reflux into the esophagus could promote bronchospasm, leading to asthma or cough. The so-called "reflux mechanism" invokes the reflux of gastric contents into the proximal esophagus with some degree of aspiration promoting changes in airway resistance. This theory is well-supported by experimental data showing that even very small amounts of acid instilled into the airway can produce intense bronchospasm. Documentation of this phenomenon clinically has been much more difficult. Although occasional patients have been shown to have evidence of radio-labeled gastric contents appearing in the lungs overnight, this has not been commonly found. On the other hand, the so-called "reflex mechanism" suggests that the stimulation of sensory afferents in the distal esophagus from acid reflux can trigger a neural response, believed to be vagally mediated, which would result in bronchospasm and changes in airway resistance. Once again, experimental data support the potential for this mechanism to occur, but clinical proof remains to be found.
The results of our study indicate that acid reflux into the distal esophagus is commonly found in patients with chronic asthma or cough but that the amount of proximal acid exposure, while exceeding normal, is significantly less than that found in patients with chest pain but without pulmonary symptoms. These results would tend to support the concept that distal acid exposure and "reflex bronchospasm" is an important, if not the most important, mechanism by which asthma and cough are produced by GER. Thus, if asthma or chronic cough are related to GER, the reflex mechanism rather than the reflux mechanism would appear to be more likely. However, one cannot totally exclude the possibility that a small quantity of acid may be aspirated in these patients.
In conclusion, our data support the observations that GER is common in patients with the symptoms CHEST / 106 / 6/ DECEMBER, 1994 1795 of asthma, chronic cough, or unexplained chest pain. A prevalence approaching 50% was found in each of these patient groups. Our studies show that abnormal proximal esophageal acid exposure, possibly leading to aspiration, is uncommon in patients with pulmonary symptoms (asthma or cough) and, therefore, support the "reflex mechanism" for production of these symptoms secondary to distal esophageal acid irritation. Finally, patients with unexplained chest pain showed an unexpectedly high prevalence of proximal acid exposure. The importance of this finding remains to be elucidated.
